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Brief Introduction 


• The crew of the International Space Station (ISS) receives extensive 
ground-training in order to safely and effectively respond to any 
potential emergency event while on-orbit, but few people realize that 
their training is not concluded when they launch into space 

• The evolution of the emergency On-Board Training events (OBTs) 
has recently moved from paper “scripts” to an intranet-based 
software simulation that allows for the crew, as well as the flight 
control teams in Mission Control Centers across the world, to share 
in an improved and more realistic training event 

• This emergency OBT simulator ensures that the participants 
experience the training event as it unfolds, completely unaware of 
the type, location, or severity of the simulated emergency until the 
scenario begins 
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Overview 


• General background information 

- Potential Emergencies Onboard ISS 

- Emergency Training Flow Scope 

- Purpose of Emergency On-Board Training (OBT) 

• How we started - Paper “Scripts” 

• How We Improved Training Quality 

• Emergency OBT Simulator 

- Crew, Instructor, and Flight Controller Interfaces 

• Synergy and Leveraged Codebase 

- CSA-CP Emulator 

• Risk Reduction Conclusions 
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Potential Emergencies Onboard ISS 


• Fire 

- Burning odor, smoke, flames 

- Could be located behind or inside of a rack 

• Rapid Depressurization 

- MMOD strike 

- Visiting Vehicle docking/berthing nnalfunction 

• Toxic Atmosphere 

- Hazardous substance spill 

- Ammonia breach from external cooling system into US Segment 
internal cooling system and cabin atmosphere via Interface Heat 
Exchanger 
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Emergency Training Flow Scope 


• Entire crew training template is ~2.5 years 
once assigned to a specific Increment crew 

- Emergency Training is spaced out over the 
final 18 months on the ground 

• Classroom lessons 

• Mockup-based lessons 

• Emergency Generic Scenarios 

• Emergency Mastery evaluations 

• Assigned-Crew Emergency Scenarios 

- Three executions of a full 3-member Increment crew 

- Two executions as a 6-member ISS crew 
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Purpose of Emergency On-Board Training (OBT) 


• Provide proficiency drills for responding to an emergency 
onboard ISS 

- Keeps memorized response actions and learned-skills fresh 

- Increases crew preparedness and reduces risk 

• Each 3-member Increment crew executes two emergency 
scenario OBT drills during their six-month Expedition 

- First is ~2 weeks after their arrival 

- Second is ~2 weeks after next Soyuz arrives (around halfway 
through their Expedition) 

• Debrief after each event to share lessons learned 

- Inputs often enlighten response strategy and can help identify 
areas that could be improved 
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How we started - Paper “Scripts” 


• Separate but synchronized information was provided to 
the crew and the ground 

• Allowed coordination between multiple control centers 
around the world 

• Many limitations and training quality was minimal 

- Not optimal since everyone could read ahead to see how the case 
would unfold 

- Too much focus was devoted to “staying on script” rather than engaging 
in real-time decision making 

- Some crews reported that they could passively read from a script and 
not really get the value from engaging in a surprise set of conditions 

- It was also challenging for the crew and ground to stay on the correct 
page of the script and the correct page/step of the Emergency response 
procedures 
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Examples of Paper Scripts - Fire 


WCC-H, MCC-M, COL-CC and SSIPC COPY ONLY 


CREW COPY ONLY 


HKTJtiHTraircnE^ss;^^ 

Graw QraE-nb-erob 

4bap 1.1: -;GrE*' □■'g'DU'il i rru otc Inb Etep;i 

Tncft are- nn G^urr1>.j e^lsrierTl -y Lres a- EFE hanlv.'nre 

Tr^ Cautcni IncIcatEd dt Cautcn a'll '/a^ung Bbrrmar!i. 

MVTC lb lIIII pD^rbd, ihia folo’Jilni] urNnoemb are bUII 
present 

« EGL-CME 

'jTC1_NnrTL.7«rT_>.tMU - 37C 
'j-nci_HKlJx.rerrp_VVa - ^ 

^ GGL-STa: 

VIC cu rcrrl supoart rtoe ti '■'T1G1 lenpi 
Ibep 1.2: {Grcdi' □■'g'DU'il i rru ate Inb Etep>;i 
.M19-- Dcrrmardlui 0"Cahfc- F^n AsMmPy =-GUip;-12T/ 
C4j-Ueb ;Num 2J;<: 

■« =9-i .MM-Tt+j 1 , =9"i 2 Gn-0“ 

EjBtus. ■ Oft 

Ibep 1.S: ^Act I'Ticke; detcilDra ckl annxc ata. 

1tep2.S: 

■■ F^e Inaillcr b jiz knawr frerr I5FR rack smia deftecka. 
■■ A PDU CutetTrip Cailla- dIcxEJ aTundate 
■■ F^= InaiBcr b jiz knawr. 

Ibep 3: CCrew or pro^^und sr^l-atE Ihs s^p). 

MuHple Gauton ard ^AiMpg ■ala’ms^^TTSKagcA appev srTer 
Iburrlpg eff E=S -lafTJwiert Itr antitECI =^t FnrtW. 

-■ Fo'^mJaton pjTDiDses 9ne xtualtnalaAEransi GOL- 
DD will puwar GFF kutl of Dolumb^o IglTtE: 

:z.1 ID PDU1 12[py OITTLET aW"■^>^^0 ^3E^eHJG^, rtep 
+ .:EaAaOCF ERM: NGf^lhW.;. FGU1 CiJtrl 21 

■^Eean oni>‘ on C^iveepy crvTfs 
.Teisajep- 

Ibep €: CCrev .1 or pr^und sr^l-atE lha s^fO- 
.yi='-9JrwJa1 ng GsurTt-j >Dward[MTi: 

-■ Fo^iimJaton pjTDiDSS 9RC stuaUcnalaAnransi GOL- 
DDwIII power nFFrarnalnlnD GolrafTbUG Uglrte: 

:2 J:iD FDUi i2iry oittlet ^3E^eHJG^, istep 

+ .;EaAaOCF ERM: NGMIhW.;. ^r FGU2 Cutrl 21 

■^Sean oniy on C^iveepy erv^fs 
™sisajap- 

Ibep 3: .M =>ir-lp'TKnt9tcAio± In Co1urr1>.i lx per die lunert 
crb09Tj sbrHass^ oorns'-r-sflan 

M GohjniP^ IM'^^ hiN« £K. In dr aiqicilEd pDsHa'c b 
ca IM cul di dK pfoc-MLrt 

■^Se=H or^i>- on C^iveepy or 
.Tesisag^ 


HCL-H, HCL-M.CUL-CL. wic 
l^raHicHrdB 


Crav i2mfic*nli 



iBL'ESH 

m 

fcCTB?’ 

2 



2 




CDL' 

i^mo rfiio 

^MiwicT: 


C DL ' Ai- ' 



CDL'A?_E ’ 
iT!#=-^l 

1 

C DL ' A9- a 

■ 


CDLA?_.l 

ilPn-^i 

JL 

A? G.a::v ! 



CDL'A3S-I \A=T 

Ovsi^rwkT, 

4. 




ISlip □' -;mjnd arru ata l-ii 

Caul a” a-d 'A'^nma a a-ri'mamQH a^ajr a-^- 
bj-nfa sfT BPS' Isr B^aiitd T ra ^sn 

P>-xi-!ual3- a~d a luilErnl ama-aia. LOL- 

L'C Hit pnvH- Ohh huH :-1 Coluntuu hnhhi 

hOTE- ■lDlj'~b.z I a-li laniD-l'r =-■ ;iriAnra: bidt Gf '4 s'i’ 
OH.-CZ.D-5CS :=fn-a-di |iai ™- W2 n ^CTEb=« 


■^a.- 


?>iljrc-n c»iL'^ izinkr 
si L^ia .-najani^B" 


* □=> n-si £-arf3*n miJ auns4 n;. S-Tin.-a nsr: 
-Ki-mTia-dilRn Id □m^d buid -an mulx o' mT^h-g. 


■ L.'pp.Ti..HL 


MU I L. -Dki^b.a Dih n ba^iir^ind a.a a. . 
- E-2rtjr, hCN- 

ISlip 9 D' -smjnd aru ata l-ii 

iim.tilaia Ca u-nsuB ^'VHdirAn. 


Fsfs-iu ala- [uq^swa a-d a luilEral aAira-aia. LOL- 
LC ml pDVH- Ol-I- rBfnunmp LDlumbum l^hbi. 

hO'~E- 'lohjrb.x I g-li =dti d-Ki- sb ;iiwara: bj^ Cf'4 
Za.JZZ.n-^CS :=ni-a-di |iai- ra- M n WCTE b^ 


■ ^a.1 
■aag-aa 


mlji-f n canL-=i cinlar 
^ LVi^ .TiajaiyiB" 


Slip b.l: □□ nu: pBr^’r' b:I_b aB-ip B’g. 9 -r*i-ul« Tra ;d *1 
EaaB— g B ir^EilBi -IC tiva x b-b ning al 9 gif mn>^la 

MDTE. iDkjrb.x cib n bBa-ig-sund BiBa. Z.O ■ ia 4 pg-n.HE 
- E- 9 rgr-, hCN - -Egfir 

31 ip b^. ^b-hthb P=C 'Icrr IcdHr. iLUc- raiKncula B-d 
X ata- d iriiB-=i-n ?FE nl^s-l ragcrl. 


■^B.1 


Diilji-fn chiL^ can tar 
L^ia .TiajaBj^B" 


RavawE-4.1 ECUI^MCHT FCST^ EVAfL]. Exl i-ala Ijth r>iB:B: 
to gB^crm Lha« bjci»ib I»- Ca^.msua. 

Ml Cs4i.:mbua IMV n vaa B-d diB hx'^ MFEI.' an n diB 
Bagacs: gz-alo-XBa :b tad ciA bii diB gmcadira^ 

S rrujtala d:-ar^ D: hj it b m h bt: - gardaaL 1 >UMUI icIuaJlr 
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Examples of Paper Scripts - Rapid Depress 


GROUND COPY ONLY 



LrvwAir;Bfi L~h«clpDinlii par 
^raV I'rOCKUTHi 

1 ana mna 
Alirn 
(«ilinila:|i 

UuUi Ksr Ihi- CDrrral -LarrlMra 

1 



-1.1 mm -Q Til 

MK’IMa-CV ISMIha?:- zicxmd 


Far iin.LMtaEn pu-^ain -iia dw wi 1 cil zcwn naizh 

“""C 

cildz*v-. 

I 

|QZ) hilEh :fcia: 

•:d.^9jcd 

t-D" im.ijucn purlin ma 'ai i cii -aoMi rdicii 

aal.x Fr^xaid ?z l-a naxi azlizn ody ■■■'ia- cwa 
E li dz»w-. 


Ch«df Rmj 

x.t’.zn 

■ FZia r~D ^iKJiaii E-aE= mi uidd~a;pn; a: 

“1.1 rmi “□ Til 

■ 51V IFC! ^431. la 3 C'lQm^ hig a~d dmgfi ai 
-1.1 mm -□ Tn 

■ DC-1 ;rai3u-a II E95 mm -□ ind NOT dm^na 

■ L.5DI ^3nrai in -d9E rrin da anz d-z-pgi-a iJ;; 
-1.1 mm -Q Tn 

-alih c said 

x.:-2.:o 

For im.LiJKn pu-gam dia wi 1 cil zcati naizh 

aal.x Frezjid 3Z l-a narl azJizn oriv r'ia- -z-ka 
cildz*v-. 


X.H.jO 

■ FZ;a r~D gmiumii E-95 mT ha uidd~a;png a: 
-1.2 mm -Q Tn 

■ 51V |FC! gr43x.ia 3 E}^5m~ hig a~ddmgiinaBi 
-1.2 mm -□ Tn 

■ L.5DI gr43nrai in -d?2 rrm -|q xnz d-z-pgi-a li 
-1.2 mm -□ Tn 

nrcf^zy^A', -ak-.d=«d 


For ini.Lxtacn pu-gam dia dw wi I cil zcwn -aizh 
aal.x Frezjid 3Z l-a naxI azlizn oriv irla- z->-a 
E li dz»w-. 

Chidf 

x.za.za 

■ FZia r~D gfaixuraii E-EF mT ha uidd-agpng a: 
-1.2 mm -Q Tn 

■ 5fV [FC; gnzx.ia 3 5^ ' m- hig a-d NDT zrep;i-n 

■ L.5DI gf43>u?ai in -dSi'rrm da inz d~ziigi'a <1- 
a rail- rr" -1.2 mrr H^'mn 

CUOrCj' |F=a;i hjidi c dikI 

x.’a.zn 

For im-LiiKn pu-gam dia wi 1 eiI zewti naizh 

aal.x FrEzaid ?z l-a naxI azlicn ardy i:^a- ccw 


CtHck F^J 


■ F^a F~D gfaiiuraii E-EE mT ha indd-agpng a: 

- f .1 rrm do,'mn 

■ 5PV |FC; gi-43X.ra 3 DE3 m- Mg a~d NDT zr^pgi-a 

■ L.5DI gr43vjrai na -dCE ron da xnz d~z-pgi~a 
a rail- rr" -1.2 mrr H-pi'mn 

> 

J 

nrO-"A. hil=h ■: Diac 


nl.x FrEzaid 9c l-a naxi xdicn oriy c-vw 

Eildz>v-. 



LJDl -TDI mm -Iq jik dTpp-g at 


ChEfDkpDlnttrorCnriv AotoTvs par 
EMER-1 PriKeduw 

TlIH E^H^ 
cInD# Alarm 
C«trr-5ted:< 

Data rarifiaCnw 

Vcm T,. ^ n:1QIHl 


ijT-M ■ SE- rrlr) 

iTMy caM) h-ibch .jc«m 

0QE5?Xi 

Fiwi. - ESI mri H3 

a-CCk P^.i; 

OQESjX 

Ffyi. - ESai rriTi hs 
^i» ■•- E3 5-EJcncb-;> 

ma-cv ;PQ=;.i-Bid- dEsod 

(KEB^Xi 

F^ii. - E3B FTlTi h+J 

a-ccfc P^.i: 

01:D1?» 

■ E3x mri Il 3 

VcWfi T,.. s H:1iDcM 


■IT-m ■ 2^ mhj 

iTorAhT-in UDMd 

ai:D3>» 

F:wi. - EEi rmn Hg 

a-Edi P^.i: 

ai:D5?» 

Ft^i. - ESA fTiTi Hg 

Ml^MI-cyiFa^ h*ch.i*M« 

ai:D5;Xi 

F^'i. - ESA rriTi hS 

O-Edi P^.i: 

01:D7?» 

■ ESA FTin h|g 

3 




Eocy h*ch cksx 

1 

RoporflD HCC 




0CPREE 1 QFULL COMPLETE 


Da not rvUkin* 13 1 aorrwmjnlDotlDn ^dnriE; tu tffa n^ontTn^ o-n]?fnainiTt]DrK. 
t^bori EHTf uiDDfunifunl^'. tti4i nomrui acn^laurinlDnc. 


Hu DriiMiL ^ff1ll ntum SDS^uivohlnlPCilDifu rnlQlnal [H]rTn^rat]o«i-SfoaDrdln.g4(] umw 
PTDDtdur*"10^ZAaCENI.«EtEHr’< l4oUon 1.4.2, &fep S^p_lT 'RJRNINOOFF 
CDHHUMKJATTDNri. 


IVfLIM,.^/ n5>Ul UDSCG 

UU[4.^7JJ 


v'trtfil T,. 


•rr-« - x40 rrh3 

rtrc-cy lEGl'hBldi d=Ed 


TiJT-’ESFnfrTFg 

0-Ed( P^^i: 

OOcE1?» 

Fyt. - E35 mn Hg ^ £7 Kcords) 

\pO-CV] canfl harch zksod 

(BcE2M> 

Fjl'i. - E3.5 mri hs 

0-Ed( P^.i: 

OCnSA>JO 

Fat<^-E33mril-Ki 
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Examples of Paper Scripts - Ammonia Leak 


MCC-H, MCC-M, COL-CC, and SSIPC CGPY ONLY 

Wuni^adsscTFivIrTfarTrit MDD-H and MDD-M,^E;1artlng Uh lnor«fnMrtZEi AinifKinlD LhK 
□BT EhHfnlL*.^ 

m«m[ir1zad InHtal r«cpan»: 

■■ B mu Dl= ccfinkng gE mEte, a-su ng ATM but>Dr, and c>q% ng NDde 1 Aft Halih b 
buatEl'K-LiSBB. 

1.2Zb FHXNHS LEAKE3ETEDTED- WARN I3DDF: WARN: Z.BTDQ^ 


HGG-H MGG-M, DDL-CG> and 3 BFG QraanoMdc 

Grnr QraanunlG 

COL me B Data: 

■ VJPA1_.'W]GUM_--^=_PRESE:1J.T0: 2££ kFa 

■ '/JPA1_.AGGUM_.AB=._PRE3E:2_'.TT;: 2SS WFa 

■ ■/in=-.'V^^GGUk1_,AB=._PRESE:1 J.TT3: 2SS UFa 

■ >/;P.'V^'VGGUM_.AB=._PRESE:2_'.TT;: 2SS WFa 
S.Z64 GGL rm. NHB LEAK CETECTED: 

■ TTfc prccedura b Dcmp ElBd suicessftjl y elter 
0'3Jd dmjBls IheappIceCle steps. 

Qraund baanvs dlsDUGDfDnMird plan,-K Urn permits. 

■=£Efn om>- cn C.'^jvccpy af it^'s 
.TWSLpgep- 


CnwandMCC dlEDUCE.lDmrdp(«i,a4 Unw F4rmlk. 


AMMONIA LEAK QHJLL PE EPOMflE ACTION E GOWLETE 


Craw wM rvium all aqulpma nt and tvafami!: Id ttH*- ncnfrul iDoaUcnt and ocfidrtJnfM prior 
Id atlabllcliInDltMlr Initial boatlanE fur ttia naidS«ER DBTiirtll. 

END INDREHEI>n SH-AMMONIA LEAKOET EHEFCIBE. 


CREW COPY ONLY 


AJimONIA 0ETEG11ON KFT OUE CARD (kioalKj Initia Ammof^ QertintlDn 


hKC-H,HGC^. CCL-C 

wr- 

GIT# Gratnoa-ds 


■Slid tBIPC Oreanaardp 





:9bep 4: amublE DcrrprEss^rg tu pamp l^cf bn ci ID uroko-. 
4tep E: Nc bWa raa^o'i cn HI o.tii» altar 1 1 sIreWes Ibod* 


■=£eeh crAy cn cen^' 


SB'bNsX 


cenht^-ccp.'ei cfn'z 


SbaD 3: BlmublE Dc-friKEKlrd the camp ^'cr ten ri m ilrofces. 


171CS5BJC5- 


3tep 3: BLe ncBCdo'i te the EEppm rrBrtc >Df MED iLbE Bile' 10 
sbaWei rboth sefrplex;i 



AlriHONIA REJPIRATDR KITE 

■■ b~E icnIaTta n' ITe a'rr'cnb rHNmtnr Mb and k~stu^Drx. 

■■ ^ll^alE Mrfltti y‘ UnK nEBdiEd In the Resslrab]'' tCb Itofr Ihe FEB | 

Sitci^age lD3iljiDri end p'Dwtdettib k^ftmTatcn h ttiacEtrlE' 

DONNINB DF AMMONIA RE3 PRATOR E OlAFTTRIODE CHANOEOl/T ilDDfltad In tt» Amn»nb ^ 
FacptnrtDT Kltal 


hKC-H.HCO-H. CCL-CO. 
■Mid t3IPCOreanDardL 

Graw GratnDB'ds 

■=EeEH dni>- cn ccofrii' 
CE'de/ci^T.ti c-f m's 
.™ssBj-=> 

Elhiildte Bl iteps. 

3tep2.11: NesattnE aid poaltve pressure cTeca are 
cPTfrUEMd Sdttaficicrty. 


Cre^vend klOO disc Ea- b man! pbn, Elk-^ pe-mb 


AMMONIA LEAK DRILL R£ EFON ZE AGIION t GOWLETE 


Ratum -Nl aquIpcTHfri: and cr|'E4«fnt 4a ihalr grlg^ul loaaUoti^rrllgurvtlPni prlcr bo astatsllshinig 
mttid looaUofiP for tiva naid EMER OET drill. 

END INDR^EI^ » AMMONIA LEAKOETT EajERCtBE. 

END DFDDAKt^AQE. 
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How We Improved Training Quality 




Significant challenge to 
come to an agreement 
between all International 
Partners on scope and a 
common approach for novel 
Emergency OBT simulator 

- Representatives from US, 
Russia, Europe, and Japan 

- All crewmembers, regardless 
of affiliation, participate in the 
same training events together, 
so the only solution is a single 
simulator 


Early concepts for simulator design 


dnb 

Server/client Interface 



Supports, does not 
replace, procedures 


Focus on crew 
training objectives 




Operates on 
multiple platforms 
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How We Improved Training Quality 


• Simulator Requirements 

- Create a dynamic simulation that gives real- 
time data feedback 

- Maintain real-time interface between Mission 
Control Centers and crew during OBTs 

- Provide flexibility for decision making during 
drill execution 

- Materially reduce instructor and flight control 
team man-hour costs involved with 
developing, updating, and maintaining 
emergency OBT cases/scenarios 

- Introduce an element of surprise to 
emergency scenarios so the team can’t tell 
the outcome of the case by reading ahead in 
a paper script 
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Emergency OBT Simulator 


• Enables crewmembers to move around the ISS receiving 
dynamic emergency signatures and new information at 
the correct pace for a simulated emergency 

- Runs on crew iPads as well as Station Support Laptops 

• Crews can make decisions, make errors, and learn or 
adjust responses based on results and feedback 

• Ground teams see the results of crew actions in their 
downlinked data, have additional insight into simulated 
vehicle data signatures that they can provide to the crew 

- Crew/ground interaction overall is much more realistic 
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Emergency OBT Simulator Implementation 
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Crew Interface - Display Layout 


Preferences Pause Exit 


GMT; 314/15:00.59 


Graphical view 
of ISS 


Greencard 

messages 



ncc/MHH 


CAUTION & WARNING 


FIRE 

AP/At 

ATM 

WARNING 

CAUTION 

TEST 


Depress NH3 • CMS NH3 • Draeger 


Select Cabin/Port and Press Sample 



CO: 

Lab Aft '.=1 

LAB1P1-01 

HCL: 

LAB1D1-01 


LAB1S1-01 

HCN: 

LAB1P1 J1 


LAB1D1 K1 



Discharge PFE 


Module Powerdown 


^ Rack Power Switches J [ Discharge OKP/OCFI 


Local Powerdown 


Don Mask 


C&W 

Panels/Laptops 


Virtual H/W 
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Crew Interface - Fire Scenario 


Mobile avatar 
represents 
crewmember’s 
location 

Hatch boxes OFF: 
(Clicking on hatch 
will open/close 
hatch) 


Can resize ISS 
via 2-finger 
pinch/scroll on 
iPAD only 


Real-time 

greencards 


Preferences 

(turn hatch boxes on/off, add hatch names, 


changej^pguage) 


Smoke/Fire Icon - will disappear when fire 
is EXTINGUISHED 



GMT Clock: (Red or 
Yellow highlights 
indicate loss of 
comm with the 
server) 

US PCS (also 
/ailable: 
nCC/MHH, US C&W 
panel, and RS 
Laptop - C&W) 

US PCS C&W 
Summary - provides 
access to Advisories 
and ‘Find RPC’ 
button 


■\CSA-CP samples 
(bhoose location 
then tap Sample) 


Virtual H/W 
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Crew Interface - C&W Panel/Laptop Capability 


CMT 249/13 51 30 




•Provides C&W messages 
and Mfl resolution 
information 


•Provides RS smoke 
detector annunciation details 


GMT 2dSM3 52 20 


t/J C*W t/I Ki MS UfiPf 

EMERGENCY 

□ E 

WARNING LOG/ 


3THER 

TRAN} 


SM 

FGB 



OTHER 

TIMER 

U006 

iLECT 

F»QWEP 

SMOKE 


DC 

UDM 

SPP 


CMPTR 

COMM 

ATM 

CQ*0 

ATM 

PRESS 


LSM 

«M1 

RM2 



MSG 


MODULE IDENT MAN AURM 




FIRE 

AP/it 

ATM 

FIRE 

AP.'AI 

ATM 



•Provides ability to 
annunciate and silence C&W 
tones \ 
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Crew Interface - Virtual Hardware Capability 




NH3 - CMi Wjnj - Dra^.0^r 


Select Cabin/Port 

|Lab 1^ 


Lab Fwd 


Lab Aft 

LAB1P1-D1 

LAB1D1-01 

LAB1S1-D1 

LAB1P1_J1 

LAB1D1 K1 


[ Module Powerdown ] 
[ Rack Power Switched 


and Press Sample 

CO: 

HCL: 

HCN: 

[ Sample ^ 

[ Discharge PFE ] 
[ Discharge QKP/QCn ] 


_ocal Powerdown 


Don Mask 


Module Powerdown 

• Will bring up a separate window allowing user to 
powerdown each individual power feed detailed in the 
module powerdown sections of the EMER book 

Rack Power Switches 

• Provides insight into power status of each rack 

• Provides user the ability to switch a rack power switch OFF 

Local Powerdown 

• Provides user the ability to complete powerdowns behind 
specific fireports 

• Must select fireport prior to clicking this button 
Discharge PFE; Discharge OKP/OCn 

• Provides user the ability to discharge an extinguisher 

• Must select location or fireport prior to clicking this button 

Don Mask 

• Provides ability to don PBA, Respirator, or MFIK 

• Icons will appear next to avatar showing which mask is 
donned 

• Masks have time limits coded; Will receive pop-up 
message when mask is exhausted 

• If PBA is donned, bottle pressure gauge is displayed, 
showing remaining oxygen 
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Crew Interface - Rapid Depress Scenario 



Preferences Pause Exit 


GMT 249/14 1810 


— OkHO C06blTMM 


|ee; 00 ;ee^ 14 ; 18 ;l< 


EPPAarEPMETHa-i or KnasMiuH RCC CM 14 17 5 


npeAynpexuieH mu 


CMS Or—#«r 


Hatch boxes ON: 
(clicking a hatch 
box will move the 
avatar to that 
side of the hatch 
and close the 
hatch) 


Hatch names 
ON 


Real-time 

greencards 


Green Card Message 


Time of Event 




MHM2 


C01 


□xO 


(SMlI 


CO 


cy 


RS Laptop with l/in 
Resolution capability 


Dynamic MB: (Will 
adjust drop rate 
based on hatch 
closures) 
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Crew Interface - Ammonia Leak Scenario 




press “Sample” 



•Select location and tube type, then 
press “Sample” 

•Graphic display plus pop-up message 
will provide data 
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Instructor Interface 




Sting KR 
Ghafkarian 
Tfc :hn()L()(;ies 



Skyler LaBuff 

Improving Space Operations Workshop 


21 



Flight Controller Interface - Example 
ISS Emergency Response Telemetry Display 


•Raised button icons 
denote command 
capability 


•Data changes based 
on EMER — 

autoresponse actions 
for each type of 
emergency 


•C&W Summary 


View Language Exit 


GMT 249/1d ^9 25 


ISS EMER RESPONSE v 04 04 12 


EMER RESPONSE 


EMER 51 BUNDLE 


Tomc Depress 

MDRM CAMP MORM CAf.TP P;iAM 


LAB NOPI A;T. WODi 'JDDl 


Fwd SlbdVlvClDse 
Fttd Port viv Close 
Fwd Stbd Fan Olf 
Fwd Port Fan Off 
An SlbdVhr Close 
An Pori viv Close 

An Port Fan Off 
NIVCIOS? 

OlV Close 
MCA standby 
P6CAAD!T 
SeCAAOfT 
CDFEA Slop 
BilrtidCWCiose 
Rack CW Close 
VESVantVIv Close 
VRS VentVtv Close 
H20 Vent System Slop 
MCA SOS Is ol 
FWD SOS I sol 
AfTSDS iSOt 
SELSOSIsol 
PCA Power Off 
VRIV Close 
VRCV Close 
H2 Veni Vly Close 


I CL Caution Warning Message 


EP RAPID DEPRESS Manual niarm-LAO 



■> 


Green Card Message 


•Real-time greencards 
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Synergy and Leveraged Codebase 


• The Emergency OBT 
Simulator codebase 
contained the structure 
and means for another 
separate application 

- Compound Specific Analyzer 
for Combustion Products 
(CSA-CP) is a handheid 
device used by crew to 
“sniff-out” potential fire 
sources, even behind rack 
panels via “fireports” using a 
sample pump and probe 
assembly 
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Synergy and Leveraged Codebase 


• Previous ground training methods were somewhat 
ineffective and potential sources of negative training 

- Verbal “greencards” did not force crew to look at the 
device for readings and allowed for other crewmembers to 
eavesdrop and listen-in to the readings from the instructor 

• Broke the desired critical data communication path between crew 

- Visual “greencards” were an improvement over the former, 
but did not realistically display the information 

• A lesson-learned from a false fire event on-orbit showed that crew 
could easily overlook decimal points as there is no leading zero for 
some contaminant values 

• This also forced instructors to be in the modules with crew, which is 
not desired 



Stingrr 

Ghakkarian 

Tf,ciin()uk;ies 



Skyler LaBuff 

Improving Space Operations Workshop 


24 



Verbal and Visual “Greencards” 
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CSA-CP Emulator 


• Utilizes the fire contaminants model codebase from the Emergency 
OBT Simulator to generate appropriate CSA-CP values 

- Some custom GUIs and small code additions to drive them 

• Crew view accessed via web browser on iPod Touches 

- Attaches to flight-like CSA-CP unit for use in training scenarios 

- Crew iPods are color-coded for easy visual identification 

• Instructor view accessed via web browser on Instructor iPad 

- Input key telemetry items for desired case objectives 

• Fire location 

• Initial contaminant levels and rate of increase of contaminants 

- Ten “fire levels” available to train all potential objectives 

- Custom data can also be pushed to the crew units 

• Fire extinguishing method 

- Instructor GUI controls what data, i.e. which module or fireport, each 
crew unit should display 
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CSA-CP Emulator 


• Instructor interface 
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CSA-CP Emulator 


• Crew view 


- Flight-like size and display on iPod Flight Unit 
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Risk Reduction Conclusions 


• Safety is paramount to the JSC mission, and the ISS 
Emergency OBT Simulator reduces risk by increasing 
preparedness and improving OBT training quality for the 
crew and the flight control teams 

- ISS is large and complex, and urgent events require a swift and 
coordinated response by crew and ground 

- Ali participants engage, adjust and iearn as the case unfoids 
reai-time 

• By leveraging an existing codebase to a new synergistic 
platform using COTS hardware, CSA-CP ground training 
quality was also drastically improved, further reducing 
risk for fire response onboard ISS 
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Questions? 
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Backup Slides - Timeline 


• 201 0 - Discussions on early concepts of Emer OBT simulator design 

• 201 1 - Requirements document signed 

• Nov 201 1 - OBT simulator VI .0 

• June 201 2 - OBT simulator V2.0 

• July 2012 - First On-Board Depress drill, OBT simulator V2.2, First On- 
board Fire drill 

• Sept 2012 - First Ground and On-board Synchronized Depress drill with 
Ku-band 

• Nov 201 2 - OBT simulator V2.3, First back-to-back OBT drills 

• Jan 2013 - OBT simulator V3.0, First Russian Fire drill 

• Jan 2014 - Discussions on early concepts of CSA-CP Emulator design 

• Jan 201 5 - First use of CSA-CP Emulator in ground crew training 
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Backup Slides - Technical Details 


• Web application 

- Code executes on Windows PCs using Internet Explorer 8.0 or Apple iPads using 
Safari 

- 91 KSLOC (in .cs, .aspx, .js, .css, .xml, .xsd files) 

• On-board Station Support Computer Server allows multi-player access for 
crews in different locations to perform actions 

• Ground Server allows simultaneous access for teams in different locations 

- -50+ Flight Controller and Instructor participants in Houston, Moscow, Huntsville, 
Munich, Tsukuba and any other center participating in Ops that day 

• Synchronized by transferring XML state files between servers over Ku-Band 
using Orbital Communications Adapter Mirroring System (OGAMS) scripts 

- Graphical user interfaces use a combination of Web Forms and Scalable Vector 
Graphics (SVG) and are dynamically updated using JavaScript and jQuery 

- Data downlinked about 2 times per minute (avg file size -1 45kb) 
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